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ABSTRACT—A phylogenetic hypothesis of the subgenus Nialoe (s. lat.) of genus Pterostichus is proposed 
based on a cladistic analysis of seventeen morphological characters. Through comparative studies of the 
sclerites on the endophallus of male genitalia, it became apparent that the arrangement of these sclerites 
reflects seven different origins. The results show that Nialoe (s. lat.) is monophyletic and composed of four 
clades, while some traditional taxa are para- or polyphyletic, and are defined only by symplesiomorphies. 
Pterostichus (Nialoe) mosaicus sp. nov., which is indispensable for tracing the homology of sclerites in this 


subgenus, is described. 
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INTRODUCTION 


The subgenus Nialoe Tanaka, 1958 is one of the more 
diverse subgenera of the genus Pterostichus Bonelli, 1810, 
and is characterized by the sexual morphology of male ster- 
num 7 in most species. This subgenus is apterous, and its 
distribution is primarily the Sea of Japan region of the Far 
East (Jedlička, 1962; Tanaka, 1985; Kasahara, 1988; Kryzh- 
anovskij et a/., 1995; Park and Paik, 2001; Bousquet, 2003). 
The subgenus includes approximately 120 species that 
have either been united into one subgenus (Lianoe: 
Jedlicka, 1962; Nialoe: Habu, 1981; Pterostichus: Tanaka, 
1985), or separated into several subgenera (Kasahara, 
1988; Park and Paik, 2001; Bousquet, 2003). 

Nialoe was originally erected by Tanaka (1958) for 
Pterostichus asymmetricus Bates, 1883 as a subgenus 
related to Lianoe Gozis, 1882 of the Pyrénées. Tanaka 
(1958) included in the subgenus species that have an aede- 
agus similar in shape to that of P. asymmetricus. Around the 
same time, Ishida (1958) established Paralianoe for P. 
uenoi, and included its allies in that subgenus. Later, 
Nakane (1979) proposed Epinialoe for P. spiculifer. In the 
same paper, Nakane and Straneo described a new subge- 
nus, Daisenialoe, to accommodate P. fujimurai, which has 
some peculiarities in its external structures. Kasahara and 
Ito (1987) described Sphodroferonia, with its type species P. 
miyamai, emphasizing its external peculiarities. Park and 
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Kwon (1996) described Koreanialoe from South Korea, with 
its type species P. teretis, and Berlov and Piutenko (1997) 
erected Natalianoe for P. microps of Wladiwstok, Russia, 
which had formerly been referred to Paralianoe (Kryzha- 
novskij et al., 1995). 

Thus, seven subgenera have been proposed to contain 
the 120 species first grouped into the subgenus WNialoe. 
However, their phylogenetic relationships have never been 
established on the basis of reliable evidence, and there is 
considerable incongruence among classifications by differ- 
ent authors. Jedlička (1962) included all Nialoe species in 
Lianoe. Habu (1981) criticized the superfluous split of sub- 
genera, and treated them all as one subgenus, Nialoe. 
Tanaka (1985) ignored the subgenera erected for the Japa- 
nese species and regarded them all as members of the sub- 
genus Pterostichus (s. lat.). Later, Kasahara (1988) divided 
65 species into eight groups based on external structures 
(sexual characteristics of male sternum 7; number of setae 
on antennal segment 2) and parts of the male genitalia (right 
paramere; some of the sclerites on the endophallus). How- 
ever, he did not discuss the phylogenetic relationships 
among the eight groups. 

Taxonomic problems arose in this group partly because 
no researchers had used male endophallic structures, which 
are known to be useful phylogenetic characteristics in the 
Pterostichini (Allen, 1980; Koch, 1986; Nemoto, 1988, 1989a, 
b; Brandmayr and Brandmayr, 1994; Bousquet, 1999; 
Sasakawa, 2004, 2005a, b; Sasakawa and Kubota, 2005). 
In some Nialoe species, the presence of sclerites on the sur- 
face of the endophallus was known (Tanaka, 1961; Nemoto, 
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1988, 1989a; Park and Kwon, 1996; Morita and Kanie, 1997; 
Morita, 1996a, 1998, 2001; Lafer et al., 2001; Sugimura, 
2002); however, authors used them as diagnostic characters 
only in particular groups (Tanaka, 1961; Kasahara, 1988; 
Park and Kwon, 1996; Morita, 1998), rather than examining 
their homologies among taxa. 

The main purpose of the present study was to elucidate 
the phylogeny of the subgenus WNialoe (s. lat.). First, | 
describe a new species that has proven to be useful in trac- 
ing the homology of endophallic sclerites. Second, | review 
the homology of the component parts of the male genitalia, 
primarily the sclerites on the surface of the endophallus. 
Third, | propose a phylogenetic hypothesis of Nia/oe (s. lat.) 
using cladistic methods and based on seventeen morpho- 
logical characters (10 male genitalia, 1 female genitalia, 6 
external structures). 


MATERIALS AND METHODS 


Most of the specimens used in the present study were from the 
author’s collection. The rest of the material was loaned from the fol- 
lowing public or private collections: Laboratory of Forest Zoology, 
Department of Forest Science, Graduate School of Agricultural and 
Life Sciences, The University of Tokyo, Tokyo, Japan (FZUT); The 
National Science Museum, Tokyo, Japan (NSMT); National Institute 
for Agro-Environmental Sciences, Tsukuba, Japan (NIAES) and the 
collection of Mr. K. Akita (Mie, Japan), Mr. H. Karube (Kanagawa 
Prefectural Museum of Natural History, Kanagawa, Japan), and Mr. 
K. Matsumoto (Kagawa, Japan). Most of the type species of sub- 
genera are included in these collection’s, and were examined 
directly. Taxonomic information on two indispensable specimens, 
male P. teretis (type species of Koreanialoe; female is unknown) 
and female P. microps (type species of Natalianoe), was obtained 
from the peer-reviewed literature (Jedlička, 1962; Park and Kwon, 
1996; Berlov and Plutenko, 1997). Morphological characters not 
referred to in the literature were coded as missing. Four species, P. 
(Pterostichus s. str.) cristatus (Dufour), P. (Lianoe) dufouri (Dejean), 
P. (Myosodus) schonherri Faldermann, and P. (M.) lacunosus 
roubalianus (Lutshnik), were used for outgroup comparison. Dissec- 
tion techniques and the terminology for female genitalia follow 
Bousquet (1999), but new terminology is proposed here in for most 
other characters. 

Seventeen characters (10 male genitalia, 1 female genitalia 
and 6 external structures) were observed from adults of 30 species, 
and all characters were treated as unordered (Appendix 1). Phylo- 
genetic analyses were performed by PAUP* ver. 4.0 (Swofford, 
2002) with a heuristic search. The analyses began from 10 repli- 
cates of random trees, with TBR branch swapping performed using 
both equal and successive character weighting (Farris, 1969). In 
successive weighting, each character was weighted by the rescaled 
consistency index (RC), but tree lengths, the consistency index (Cl), 
and the retention index (RI) for the resultant trees were calculated 
with equally weighted characters. Statistical support for nodes was 
evaluated using a bootstrap probability calculated from 100 repli- 
cates. Character changes were reconstructed using ACCTRAN 
optimization. 

My series of taxonomic studies of this group treats all species 
under the subgenus Nialoe (s. lat., i.e., the subgenus Nialoe sensu 
Habu, 1981; Nemoto, 1988, 1989a), for the following reasons. First, 
it is not always possible to examine all species directly (including 
type species); therefore, the phylogenetic relationships proposed 
may change subtly in future analyses. Second, it is important to 
enhance our understanding of the phylogenetic relationships of this 


group, rather than to adhere strictly to a formal taxonomy. 


SYSTEMATIC ACCOUNT 


Subgenus Nialoe Tanaka, 1958 
Nialoe Tanaka, 1958: 82. Type species: Pterostichus asym- 
metricus Bates, 1883 

Nialoe as treated here includes East Asian species 
which Jedlicka (1962) treated as Lianoe; Habu (1981) as 
Nialoe; and Kasahara (1988) as Pterostichus (s. lat.). In the 
present study, the presence of setae on the ventral side of 
the last tarsal segment provides support for monophyly of 
this subgenus (see phylogenetic section). The species 
which | examined share the following character states. 

Description. [External structures]: Body medium to large 
(minimum, 9.5mm: P. (N.) ohkurai Morita, [Morita, 1996b]; 
maximum, 24mm: P. (N.) ishikawai Nemoto [Nemoto, 
1988]). Dorsal surface of body black and opaque to shiny 
without metallic luster. Legs reddish-brown to black. Head 
normal to large; antennal segment 3 without pubescence 
except for P. fujimurai and P. shotaroi. Pronotum cordate to 
almost square, with single laterobasal impression on each 
side. Elytra long-oval; intervals not interrupted. Male ster- 
num 7 with sexual characteristic in most species. [Male gen- 
italia]: Aedeagus robust; right paramere short to elongated; 
left one square. Endophallus large, with vent toward left lat- 
eroventral to ventral direction, except for P. opacipennis and 
its allies with short, straight endophallus; gonopore weakly 
sclerotized with gonoporal piece. [Female genitalia]: Median 
oviduct connected to seminal canal just anterior to the 
vagina; apophyses of basal part of median oviduct and sem- 
inal canal weakly to distinctly sclerotized; receptaculum 
almost straight to strongly bent. 


Pterostichus (Nialoe) mosaicus sp. nov. (Fig. 1) 

This species is unique in having a mosaic combination 
of external structures of some Korean and Japanese spe- 
cies. The sexual condition of male sternum 7 is considered 
as an apomorphic character state also possessed by P. 
touzalini and its allies of the Korea Peninsula and the adja- 
cent islands. On the other hand, the opaque female elytra 
are considered as an apomorphic state shown in common 
with some species of the P. sphodroformis group of Japan 
(Kasahara, 1988). However, the endophallus of this species 
is a combination of presumed plesiomorphic character 
states, whereby it is possible to trace homologies between 
some Korean and Japanese species (Figs. 2—4). 

Diagnosis. This species is similar to P. (N.) gotoensis 
Kasahara and Matsumoto, 1990 externally, but easily distin- 
guished from the latter by the shape of the aedeagus and 
the prominence on male sternum 7. 

Description. [External structures]: Length: 4, 18.8-18.9 

m (n=2), #, 19.4 mm (n=1). Dorsal surface of body black 
and shiny, except for female elytra which are opaque. Legs 
reddish-brown. Head normal. Pronotum cordate; surface 
smooth except for laterobasal impressions which are slightly 
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Fig. 1. Pterostichus (Nialoe) mosaicus sp. nov. (A) Dorsal view. (B) Dorsal view of endophallus. (C) Ventral view of endophallus. (D) Right lat- 
eral view of right paramere. gp, gonoporal piece; rpb, right pigmented band; Ipb, left pigmented band; bs, basal sclerite; Ipi, left preapical lobe. 
Scale lines: 5 mm for (A); 1 mm for (B—D). The basal part of the aedeagus is omitted. 


punctate. Elytra long-oval; three dorsal pores on interval 3. 
Ventral side almost smooth; submentum with a pair of setae. 
Male sternum 7 with apical prominence; prominence broad 
and trapezoidal; prominence narrower posteriorly than ante- 
riorly; surface of prominence shallowly cup-shaped from the 
ventral view. [Male genitalia]: Aedeagus without a distinct 
tubercle, and shallowly dished on the left ventral side near 
ostium. Endophallus large, moderately bent in left ventral 
direction; pigmented bands present on both lateral sides 
near ostium; sclerotization of the bands weak; basal sclerite 
distinct, with swelling more on the dorsal side; right surface 
of endophallus swollen; small but distinct swelling present 
on dorsal surface near gonopore; weakly hooked lobe 
present on right ventral side near ostium; distinct lobe 
present on left side near ostium; apical lobe weakly but dis- 
tinctly sclerotized; gonopore weakly sclerotized, with gonop- 
oral piece. Right paramere short and rounded apically. Left 
paramere square. [Female genitalia]: Vagina with slightly 
sclerotized part around median oviduct; surface without con- 
spicuous pigmentation; apophyses of median oviduct and 
seminal canal weakly sclerotized over their entirety. 
Locality. Fukuejima Is., Gotô Isls., Nagasaki, Japan. 
Holotype. %, Mt. Sasadake, Fukuejima Is., Gotd Isls., 
Nagasaki, Japan; 1. x. 1996, (H. Karube), in NSMT collec- 


tion. 

Paratypes. 1 31 Į, same data as holotype, in NSMT 
collection. 

Other specimens examined. Pterostichus gotoensis 
Kasahara and Matsumoto: 1 4, Wakamatsu-goe, Wakamat- 
sujima Is., Gotd Isls., Nagasaki, Japan, 1. v. 1988, (T. Mat- 
sumoto), holotype, (NSMT) (endophallus not everted); 12, 
ditto, 18. viii. 1992, (K. Matsumoto), (NSMT). 

Notes. Shape of spermatheca could not be observed 
because of damage during dissection. 


HOMOLOGY OF THE COMPONENT PARTS 
OF THE MALE GENITALIA 


In the present study, seven sclerites of different origins 
are recognized on the endophallus, the homology of which 
are considered as follows. 


Right pigmented band (rpb in Figs. 1, 2; character 2 in 
Appendix 2) 

In some Nialoe species (e.g., P. (N.) mosaicus), there 
is a pigmented band on the right laterodorsal surface of the 
membranous part near the ostium. The pigmentation varies 
from rudimentary to distinct at the subspecific level. 
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Fig. 2. Homology of sclerites on the endophallus. (A) Pterostichus (Nialoe) ishizuchiensis. (B) P. (N.) symmetricus. (C) P. (N.) mosaicus. (D) 
P. (N.) mucronatus. (E) P. (N.) abaciformis. (F) P. (N.) dandonis. (G) P. (N.) katashinensis naganoensis. (H) P. (Lianoe) dufouri. rpb, right pig- 
mented band; Ipb, left pigmented band; bs, basal sclerite; mpl, median pigmented lobe; Ipl, left preapical lobe; as, apical sclerite. Solid lines 
refer to homology of the basal sclerotization (bs), and dotted ones to that of the left preapical lobe. Indications of the gonoporal piece are omit- 


ted because of their obvious homology. Scale lines: 1 mm. 


Left pigmented band (ipb in Figs. 1—4; character 3 in 
Appendix 2) 

There is a pigmented band on the left latero- to latero- 
dorsal surface of the membranous part near the ostium. The 
pigmentation varies from rudimentary to distinct at the sub- 
specific level. In P. (N.) spiculifer and its allies (= Epinialoe 
Nakane, 1979 sensu Kasahara, 1988), the posterior end of 
the pigmented band is connected to the anterior end of the 
basal sclerite. This character is synonymous with “poorly 
sclerotized plate” sensu Morita and Kanie, 1997. However, 
their observation was based on specimens where the 
endophallus was not everted (Morita and Kanie, 1997: 166, 
Fig. 3), so that only the basal part of this band was 
observed. Therefore, “plate” is an inappropriate term for this 
character. 


Basal sclerite (bs in Figs. 1-4; character 4 in Appendix 2) 

There is a sclerite on the left laterodorsal to lateral sur- 
face of the membranous part near the ostium. Its shape and 
degree of sclerotization vary at the subspecific level. This 
character is synonymous with “apical sclerite’” sensu 


Tanaka, 1961, “median macula” sensu Nemoto, 1989a, part 
of the “pigmented pad” sensu Nemoto, 1989a, and “apical 
copulatory piece” sensu Morita, 1998. In Tanaka’s (1961) 
study, the endophallus was not everted, so references to 
“apical” and “basal” in the position of these sclerites are 
reversed. Nemoto (1989a) named this character “median 
macula”. However, most species have the sclerite at the 
basal part of the endophallus, so that “median” is unique in 
P. (N.) plesiomorphus, with which Nemoto (1989a) defined 
this structure’s terminology (Nemoto, 1989a: 3, Fig. 3). In 
the same paper, Nemoto (1989a) considered the “median 
macula” (basal sclerite in the present study) of P. (N.) mucr- 
onatus and P. (N.) shiibanus to be a “pigmented pad” (left 
preapical lobe in the present study; Nemoto 1989a: 4, Figs. 
9-12). These two species do have one sclerite on the left 
lateral side on the endophallus; however, the positions of 
the sclerites are not correctly shown in Nemoto’s (1989a) 
illustrations because the endophallus was not fully everted. 
| examined the completely everted endophallus of P. (N.) 
mucronatus and P. (N.) ishizuchiensis (probably a local race 
of P. (N.) shiibanus), and confirmed that these species have 
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Fig. 3. Endophalli of Nialoe (s. lat.) (right lateral view, left lateral view). (A) Pterostichus (Nialoe) fujimurai. (B) P. (N.) mirificus. (C) P. (N.) 
yakushimanus. (D) P. (N.) plesiomorphus. (E) P. (N.) miyamai. (F) P. (N.) macrogenys. (G) P. microps. (H) P. (N.) yoshidai. (1) P. (N.) bellator. 
(J) P. (N.) opacipennis. rpb, right pigmented band; Ipb, left pigmented band; bs, basal sclerite; mpl, median pigmented lobe; Ipl, left preapical 
lobe. Indications of the gonoporal piece are omitted because of their obvious homology. Scale lines: 1 mm. 


the sclerite that Nemoto (1989a) termed the “pigmented 
pad” (left preapical lobe in the present study), but at a more 
basal position on the endophallus than in his illustration. 
Thus, because Nemoto (1989a) misidentified the homology 
among the sclerites, the “median macula” sensu Nemoto, 
1989a is not always “macula”. Morita (1998) illustrated this 
character of P. (N.) abaciformis and its allied species and 
named it “apical copulatory piece”. However, as with 
Tanaka’s (1961) study, “apical” is an inappropriate term for 
this character. 


Median pigmented lobe (mpl in Figs. 2, 4; character 5 in 
Appendix 2) 

There is a weakly to strongly pigmented lobe on the 
middle dorsal surface of the endophallus in some Nialoe 
species (e.g., P. (N.) symmetricus) and outgroup species (P. 
(Lianoe) dufouri and P. (Pterostichus s. str.) cristatus). This 
character is a synonym of “median lobe” sensu Nemoto, 
1989a. The definition of this character is exactly the same 
as that of “median lobe” in Nemoto (1989a; in P. (N.) mucr- 
onatus; however, it was overlooked, presumably because of 
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Fig. 4. Endophalli of Nialoe (s. lat.), Pterostichus (s. str.) and Myosodus (right lateral view, left lateral view). (A) Pterostichus (Nialoe) macro- 
cephalus. (B) P. (N.) sohodroformis. (C) P. (N.) mashidai. (D) P. (N.) sincerus. (E) P. (N.) praedo. (F) P. (N.) uenoi. (G) P. (N.) omogoensis. (H) 
P. (N.) latistylis. (|) P. (Pterostichus s. str.) cristatus. (J) P. (Myosodus) lacunosus roubalianus. rpb, right pigmented band; Ipb, left pigmented 
band; bs, basal sclerite; mpl, media pigmented lobe; ipl, left preapical lobe; as, apical sclerite. Indications of the gonoporal piece are omitted 


because of its obvious homology. Scale lines: 1 mm. 


insufficient eversion of the endophallus [p4, Fig. 11]). In the 
present study, | propose the term median pigmented lobe for 
this character, because the term “median lobe” means 
aedeagus or penis in the general terminology of the 
Coleoptera. 


Left preapical lobe (Ipl in Figs. 1—4; characters 6 and 7 in 
Appendix 2) 

In most Nialoe species, the dorsal surface of the left 
preapical lobe is more-or-less sclerotized. In some species, 


it is distinctly sclerotized and concave (e.g., P. (N.) symme- 
tricus). By tracing homologies among species, it is revealed 
that this character is a specialized form of the left preapical 
lobe (Fig. 2). This character is synonymous with “lobe o” 
sensu Nemoto, 1988, part of the “pigmented pad” sensu 
Nemoto, 1989a, and “apical copulatory piece” sensu Morita, 
2001. 


Gonoporal piece (gp in Fig. 1; character 8 in Appendix 2) 
All species of Nialoe have a weakly sclerotized gonop- 


NII-Electronic Library Service 


The Zoological Society of Japan 


Phylogenetic Studies of Nialoe Part1 1211 


ore, of which the dorsal aspect is strongly sclerotized. Many 
authors have described the dorsal scletotized portion as a 
“copulatory piece” or used an analogous term (“apical scler- 
ite” [Tanaka, 1961], “copulatory piece” [Morita, 2003] “prox- 
imal copulatory piece” [Morita, 2001]). Only Nemoto (1988, 
1989a) distinguished it from other sclerites on the endophal- 
lus, and named it the gonoporal piece. In the present study, 
| adopt Nemoto’s (1988, 1989a) term for this character. 


Apical sclerite (as in Figs. 2, 4; character 9 in Appendix 2) 

In some Nialoe species (e.g., P. (N.) katashinensis 
naganoensis), the ventral surface of the endophallus near 
the gonopore is rudimentarily pigmented. Some outgroup 
species (P. (Lianoe) dufouri and P. (Pterostichus s. str.) cris- 
tatus) have a large sclerotized projection in the correspond- 
ing spot, so | propose the term apical sclerite to represent 
this character. No other authors have described this charac- 
ter. 


PHYLOGENY AND CHARACTER EVOLUTION 


From the equal-weighting analysis, 20 trees of 70 steps 
were obtained, with Cl=0.586 and RI=0.729. The strict con- 
sensus tree was well resolved at the species level, except 
for Lineage A (defined below), where monophyly and some 
internal nodes were not supported. The monophyly of Nialoe 


was not recovered in the consensus tree (Fig. 5). 

From the successive-weighting analysis, five trees were 
obtained. Their tree lengths, Cl, and RI were equal to those 
of the equal-weighting analysis. Tree resolution was better, 
and four lineages were emerged (Fig. 5, 6). The monophyly 
of the Pterostichus (s. str.) + Lianoe + Nialoe (s. lat.) lineage 
was supported by a moderate bootstrap value (78%). 
Although the bootstrap support is relatively low (57%), the 
monophyly of Nia/oe (s. lat.) was supported by the absence 
of setae on the ventral side of the last tarsal segment (char- 
acter 14). This character state is a synapomorphy of Nialoe. 

Lineage A comprises the species that Kasahara (1988) 
referred to as the mirificus, fujimurai, asymmetricus, spiculi- 
fer, and uenoi groups. The shape of the endophallus (char- 
acter 10) and the presence of setae on antennal segment 2 
(character 12) support the monophyly of this lineage. Lin- 
eage B includes P. (N.) macrogenys, P. (N.) ballator, P. (N.) 
opacipennis, and P. (N.) teretis, and its monophyly is sup- 
ported by pigmentation of the innermost part of the ventral 
side of the vagina (character 11). Lineage C comprises P. 
(N.) microps, P. (N.) praedo and P. (N.) sincerus. The mono- 
phyly of this lineage is supported by the opaque dorsal sur- 
face of the pronotum and elytra (character 13). The remain- 
ing species are included in Lineage D, monophyly of which 
is supported by the presence of the basal sclerite (character 
4). In all lineages (A-D), monophyly and most of the species 
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Fig. 5. Strict consensus tree of the 5 trees obtained by the succesive-weighting method. Closed circles indicate nodes shared by the consen- 
sus trees of the 20 trees resulting from the equal-weighting analysis. The taxonomy from Kasahara (1988) is represented for comparison. Spe- 


cies with an asterisk are not included in Kasahara’s (1988) study. 
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Fig. 6. Phylogeny and possible character evolution of Nialoe (s. lat.) based on one of most parsimonious trees obtained by the succesive- 
weighting method. Numbers in the squares indicate characters in Appendix 2, and numbers above the squares indicate changes in character 
states. Character-state changes were reconstructed with ACCTRAN optimization. 


relationships were not supported by high bootstrap values. 


DISCUSSION 


This study provides for the first time a phylogenetic 
hypothesis of Nialoe, based on the cladistic analysis of 17 
morphological characters. It became apparent that 
endophallic structures are well developed and diverged 
within Nialoe, and that they can contribute significantly to the 
reconstruction of the phylogeny of this group. The phylog- 


eny of Nialoe was fully resolved, except for relationships 
among the four largest clades (Lineages A-D). The trees 
obtained here suggest that some traditional taxa are not 
monophyletic. 

In Lineage A, monophyly of each of the groups pro- 
posed by Kasahara (1988) is supported, except for the 
asymmetricus group. The asymmetricus group is paraphyl- 
etic in all trees obtained, because the fujimurai group con- 
sistently occupies the most derived branch of the asymme- 
tricus group + fujimurai group lineage. The characters that 
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Kasahara (1988) regarded as diagnostic of the asymmetri- 
cus group, (sexual characteristics of male sternum 7, more 
than three setae on antennal segment 2, tubercle on the 
right ventral surface of the aedeagus, and a short to elon- 
gate right paramere) are also present in the fujimurai group. 
In other words, these are symplesiomorphies of the asym- 
metricus group + fujimurai group lineage. 

In Lineages B-D, monophyly of some species groups of 
the sphodroformis group was not supported (Fig. 5). As 
stated by Kasahara (1988), the sphodroformis group is less 
specialized externally, except for the two macrocephalic 
species groups (the opacipennis and macrogenys species 
groups); therefore, their taxonomy has been based only on 
the “similarity” of the external characters. 

The two macrocephalic species groups are both split 
within Lineages B-D (opacipennis species group: P. (N.) 
opacipennis and P. (N.) bellator are in Lineage B, P. (N.) 
macrocephalus in Lineage D; macrogenys species group: P. 
(N.) macrogenys is in Lineage B, P. (N.) microps in Lineage 
C, and P. (N.) yoshidai in Lineage D). It is true that the mem- 
bers of each group are similar to each other in having a 
large-sized head, small eyes, and long mandibles, but the 
present result strongly suggests that each species group is 
not monophyletic and that their macrocephalic forms are 
convergent. 

The evolutionary polarities of the characters inferred 
from the present analysis indicate that the diagnostic char- 
acters of the sphodroformis species group (reduction of sex- 
ual dimorphism, one seta on antennal segment 2, and a 
short right paramere of which the apex is rounded) are sym- 
plesiomorphies of Nialoe. The polyphyly of the sphodrofor- 
mis species group results from its definition by only synple- 
siomorphies. 
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Appendix 1. Species and character matrix used in phylogenetic analyses. 


Species 


Locality of specimens or source 


Characters 


11111111 


1234567890123 4567 


Pterostichus (Nialoe) fujimurai Habu Akawase, Kamisaibara-mura, Okayama [OY] 20300101010200200 
P. (N.) mirificus Bates Mt. Hachimantai, Matsuo-mura, Iwate [KS] 00000001010100001 
P. (N.) symmetiricus Straneo Sasuna, Is. Tsushima, Nagasaki [RI] 01112331010000020 
P. (N.) touzalini Andrewes Mt. Hallasan, Is. Jejudo, Korea [TS] 01011331010100020 
P. (N.) yakushimanus Nakane and Ishida Is. Yakushima, Kagoshima [SS] 00010341010000020 
P. (N.) plesiomorphus Nemoto Is. Amami-6shima, Kagoshima [JO, KH] 00111311020000000 
P. (N.) miyamai Kasahara and Ito Kashiyama, Tosa-ché, Kôchi [KS] 00010001040000000 
P. (N.) macrogenys Bates Tébakusawa, Otaki-mura, Saitama [TM] 00200001031000000 
P. (N.) microps Heyden Jedlička (1962), Berlov & Plutenko (1997) 00000001037020000 
P. (N.) yoshidai Kasahara Mt. Kétsusan, Tokushima [SM] 00010011040010000 
P. (N.) teretis Park and Kwon Park and Kwon (1996) 0000001100?7070000 
P. (N.) bellator (Tschitschérine) Mt. Odaesan, Korea [FZUT] 00000011031030000 
P. (N.) opacipennis Jedlicka Sasuna, Is. Tsushima, Nagasaki [RI] 00000021001030000 
P. (N.) macrocephalus Habu Mt. Taradake, Nagasaki [KM, NSMT] 00010331020010000 
P. (N.) ishuzuchiensis Kasahara Mt. Tengunomori, Kéchi [MW] 00010011040010000 
P. (N.) abaciformis Straneo Mt. Tsurugidake, Toyama [KS] 01032011010010000 
P. (N.) mucronatus Straneo Mt. Hakutaisan, Saitama [KS] 00031011010010010 
P. (N.) sphodroformis Bates Mt. Kenashiyama, Okayama [OY] 00010011040000000 
P. (N.) pseudopachinus Nakane Mt. Hiruzen, Okayama [OY] 00010011040010000 
P. (N.) mashidai Ishida Mt. Yamanoriyama, Okayama [OY] 00010001030000000 
P. (N.) mosaicus Sasakawa Is. Fukuejima, Nagasaki [NSMT] 01210011010010020 
P. (N.) sincerus Park and Kwon Mt. Jirisan, Korea [FZUT] 00000201020020030 
P. (N.) praedo (Tschitschérine) Mt. Sobaeksan, Korea [FZUT] 00000011020030030 
P. (N.) spiculifer yatsuensis Straneo Karasawa-Spa, Mts. Yatsu, Nagano [KS] 30220211010000200 
P. (N.) dandonis Kasahara Uratani, Mt. Dantosan, Aichi [KS] 30220211010000200 
P. (N.) uenoi Straneo Mt. Hakutaisan, Saitama [KS] 40000211010100100 
P. (N.) omogoensis Nakane Mt. Ishizuchisan, Ehime [MW] 40300211010100300 
P. (N.) latistylis Tanaka Mt. Hakutaisan, Saitama [KS] 10100101010200100 
P. (N.) asymmetricus Bates Kinshd-Pass, Mts. Nikko, Tochigi [RI] 30000101010200300 
P. (N.) katashinensis naganoensis Tanaka Karasawa-Spa, Mts. Yatsu, Nagano [KS] 30300101010200300 
P. (Lianoe) dufouri (Dejean) “Prov. de Gerona, France” [NSMT] 20001211230001000 
P. (Pterostichus s. str.) cristatus (Dufour) no date [NSMT] (Det. S. L. Straneo) 20001211130001000 


P. (Myosodus) schonherri Faldermann “riv. Supsa, Mts. Adjaro-Jmeretian” [NIAES] 40000000030001000 


“Pscbai. Cauc. sept.” [NIAES] 40000000030001000 


Abbreviations of collectors, providers or depositories (in square brackets): FZUT, Laboratory of Forest Zoology, Department of Forest 
Science, Graduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo, Japan; HK, H. Karube; JO, J. Ogawa; KM, 
K. Matsumoto; KS, K. Sasakawa; MW, M. Wakabayashi; NIAES, National Institute for Agro-Environmental Sciences, Tsukuba, Japan; 
NSMT, The National Science Museum, Tokyo, Japan; OY, O. Yamaji; RI, R. Ishikawa; SM, S. Mano; SS, S. Shiokawa; TM, T. Maehara; 
TS, T. Sota. 


P. (M.) lacunosus roubalianus (Lutshnik) 
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Appendix 2. Character evaluation and coding. All characters were treated as unordered. 
1. Right paramere: short and almost rounded apically (0); spatulate and hardly bent in ventral direction (1); spatulate and distinctly bent 
in ventral direction (2); moderately long and pointed apically (3); elongated (4). 
Right pigmented band: absent (0); more or less present (1). 


3. Left pigmented band: absent (0); present, but rudimentary to weak (1); present and distinctly sclerotized, but not connected with scle- 
rotized part of aedeagus (2); present and connected with sclerotized part of aedeagus (3). 


4. Basal sclerite: absent (0); present without conspicuous ridge (1); raised in plate (2); well developed (3). 
Median pigmented lobe: absent (0); small (1); strongly lobate with distinct sclerotization (2). 


6. Shape of left preapical lobe: small to equal to other lobes on the left lateral side of endophallus (0); larger than other lobes on the left 
ventral side of endophallus (1); developed but weakly lobate, without other lobes on the left ventral side of endophallus (2); strongly 
lobate without other lobes on the left ventral side of endophallus (3). 


7. Dorsal surface of left preapical lobe: not sclerotized (0); weakly sclerotized (1); weakly sclerotized with distictly sclerotized projection 
(2); strongly sclerotized (3); strongly sclerotized with distictly sclerotized projection (4). 


Gonoporal piece: absent (0); present (1). 
Apical sclerite: absent or rudimentary (0); sclerotized and weakly swollen (1); sclerotized and strongly lobate (2). 


10. Shape of endophallus: short and straight (0); short and weakly bent in left lateral to ventrolateral direction (1); short and strongly bent 
toward ventral side of aedeagus (2); long and strongly bent toward ventral side of aedeagus (3); long and strongly bent toward right 
ventrolateral to lateral direction (4). 


11. Pigmentation on innermost part of ventral side: absent (0); present (1). 
12. Setae on antennal segment 2: one seta (0); two setae (1); more than three setae (2). 


13. Dorsal surface of pronotum and elytra: shiny (0); shiny except for female elytra, which are opaque (1); opaque except for pronotum, 
which is varied from shiny to opaque at the individual level (2); opaque (3). 


14. Setae on ventral side of last tarsal segment: absent (0); present (1). 


15. Resection of male sternum 7: never truncate (0); slightly truncate (1); distinctly and almost symmetrically truncate (2); distinctly and 
asymmetrically truncate (3). 


16. Median projection on male sternum 7 (except for P. (N.) mirificus). absent (0); rudimentary (1); distinct but barely bent toward ventral 
side (2); broad and distinctly bent toward ventral side (2). 


17. Bufricated projection on male sternum 6 : absent (0); present (1) 
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